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ABSTRACT: 

PURPOSE: To obtain a high optical contrast in simply 
forming steps by providing 

a resist having corrosion resistance by a dry etching 
method only on a portion 

to have a high reflectivity, and etching by the dry etching 
method. 

CONSTITUTION: A resist 15 having corrosion resistance is 
coated by a dry 

etching method on a semiconductor substrate 10 to form a 
resist pattern 24 of 

an alignment mark pattern and portions 23-a, 23-b having no 
resist. The 

pattern 24 is so formed in size as to have a high 
reflecting portion of the 

alignment mark and the portions 23-a/ 23-b are so formed in 
size as to be equal 
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filled with 

ultrafine square- sectional conical projection groups 25-a, 
25-b. Then, the 

resist 15 is removed. According to the above method, the 

alignment mark having 

high contrast can be simply formed. 
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specification 

1 . Title of the Invention 

ALIGNMENT MARK FORMING METHOD 

2. Claims 

A method for forming alignment marks, which comprise a part having high light 
reflectance and a part having low light reflectance, wherein positioning control of the substrate 
on which these parts are formed is performed by detecting the reflected light from both these 
parts, said alignment mark forming method characterized in fact that a member having corrosion 
resistance to dry etching methods using plasma is provided only on the part to have high 
reflectance, etching is performed by means of said dry etching method to form a finely 
roughened area on the part of the alignment marks to have low reflectance. 

3. Detailed Description of the Invention 

(Industrial Field of Application) 

The present invention relates to a method for forming alignment marks provided on 
substrates exposed to light in semiconductor integrated circuit manufacturing processes. 
(Technical Background of the Invention and Related Problems) 

In recent years, the size of circuit patterns has continued to shrink in conjunction with 
ever increasing levels of integration in semiconductor integrated circuits. For this reason, in light 
exposure devices which transfer a circuit pattern to a semiconductor substrate, not only high- 
resolution but also a high level of aligrunent precision is demanded. 

The alignment of an exposure mask and substrate to be exposed in a conventional 
exposure device has been performed using a process whereby the reflectance of light of both 
alignment marks is detected and the relative positions of both are aligned. 

Japanese Patent Application Kokai Publication No. Sho 55-034369 provides an example 
of such an alignment device. The principle of detection of these alignment marks is explained 
referring to Fig. 3. In Fig. 3 (a), the reference numeral 1 denotes the alignment mark of a mask, 
2-a and 2-b are the high-reflectance parts with respect to the irradiated light 7, 3 is a transmissive 
part, 4 is an alignment mark on a wafer provided on the substrate 10, 5 is the high-reflectance 
part and 6-a and 6-b are low-reflectance parts. When the reflected light of 8-a, 8-b and 9 obtained 
by reflection of irradiated light 7 on the two alignment marks is detected by means of a light 
receiver such as an ITV camera or CCD camera, electrical signals are obtained as indicated in 
Fig. 3 (b). Here 1 1-a and 1 1-b are signals corresponding to the mask alignment marks and 12 is a 
signal corresponding to the wafer alignment mark. The relative positional relationship of the 
mask and wafer alignment marks is detected from these electric signals, and the mask and wafer 
alignment devices are controlled so that the relationship between the two satisfies a 
predetermined value. In such an alignment device, in order to increase the alignment precision it 
is necessary to increase the SN ratio of the mask and wafer alignment mark detection signals. In 
other words, a high optical contrast between the alignment marks is required. In particular, since 
the reflected light from the low-reflectance parts 6-a and 6-b of the alignment mark on the wafer 
Niickijrnund ^ ^ :ind it important tn keen thi<' \ nlno low possible For thi^ 
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mark fohning method is explained referring to Fig. 4. First, on the main face of the 
semiconductor substrate 10 in Fig. 4 (a), a mask material layer 13 such as Si02 or Si3N4 is 
formed. Next, as shown in Fig. 4 (b), a photoresist 15 is applied as a coating on the mask 
material layer 14, and a multiple line-and-space resist patterns 16-a and 16-b and a linear resist 
pattern 17 are formed by photolithography so as to be equal in size to the low-reflectance parts 6- 
a and 6-b and the high-reflectance part 5, respectively, in Fig. 3. Next, as shown in Fig. 4 (c), by 
means of an etching process on the mask material layer 14 using a photoresist pattem as a mask, 
multiple line-and-space mask material layer patterns 18-a and 18-b and a linear mask material 
layer pattem 19 corresponding to the photoresist pattern are formed on the mask material layer 
14, and the photoresist 15 is then removed. Next, as shown in Fig. 4 (d), using the patterns 18 
and 19 formed on tfie mask material layer 14 as masks, plasma etching is performed on the 
semiconductor substrate 10 as an isotropic etching process. Regions 20-a and 20-b are formed, 
comprising multiple rows of fine indentations having a cross-sectional arc form, and then the 
etching mask material layer 14 is removed fi-om the semiconductor substrate 10 and the desired 
alignment marks shown in Fig. 4 (e) are obtained. 

These alignment marks in the portions correspondmg to the low-reflectance parts 6-a and 
6-b in Fig. 3 have multiple fine arc-form pattems 21 -a and 21-b and therefore have reduced 
reflectance of the irradiated light. In contrast, the portion corresponding to the high-reflectance 
part 5 in Fig. 3 has a smooth surface 22, thus providing high alignment mark contrast. 

However, the conventional alignment mark forming method described above has the 
problem of excessive complexity, such as the fact that special line-and-space resist pattems 16-a 
and 16-b must be formed after the mask material layer 14 in Fig. 4 is formed. Moreover, in order 
to obtain the arc-form pattems 21 -a and 21-b in Fig. 4 (e), it is necessary to stop etching under 
optimal conditions, and a final evaluation has been difficult. This results in the problem that the 
alignment mark contrast is reduced when the etching is insufficient or excessive. Thus, since 
there is no margin in the etching conditions, yield has been low, 

(Purpose of the Invention) 

The present invention has the purpose of offering an alignment mark formation method 
for substrates subject to light exposure, said alignment mark formation method having high 
optical contrast in alignment marks and allowing the marks to be formed by means of a simple 
and high-yield formation process. 

(Summary of the Invention) 

The characteristics of the present invention lie in the fact that alignment marks can be 
formed by a single dry etching process without an etching mask material layer or line-and-space 
resist pattems for the formation of a finely roughened area, which have been considered 
necessary in the past. It differs fi-om prior mark forming techniques in that the etching mask 
material layer forming process and the dry etching process and mask material removal process 
for this layer are eliminated. 

(Working Examples of the Invention) 

The present invention is a method for forming alignment marks, which comprise a part 
having high light reflectance and a part having low light reflectance, wherein positioning control 
of the substrate on which these parts are formed is performed by detecting the reflected light 

hnth the^o nart^ saici alienmcnt mark forniine method charactcn/ed in fact that a member 
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detail below referring to the figxires. 
Working Example 1 

Fig. 1 is a schematic drawing explaining Working Example 1. Using a silicon single- 
crystal wafer having a plane azimuth (100) as the semiconductor substrate 10 in Fig. 1 (a), the 
surface thereof is coated with a resist 15 that is resistant to corrosion by dry etching processes, 
and portions 23-a and 23-b without a resist are formed by a publicly known method. A resist 
pattern 24 is formed to a size equal to the high-reflectance part 5 in the alignment mark in Fig. 3, 
and portions 23-a and 23-b without a resist are formed to a size equivalent to the size of the low- 
reflectance parts 6-a and 6-b of the alignment mark in Fig. 3. Next, by performing dry etching by 
high-frequency glow discharge using CCI2F2 gas, the portions 23-a and 23-b without a resist in 
Fig. 1 (a) are filled with fine square conical projections as indicated by 25-a and 25-b in Fig. 1 
(b). Dry etching methods and forms are disclosed in K. Hirata et al.. Dry Etching Technology for 
1 ^m VLSI Fabrication), IEEE ED-28 (11) p. 1323 (1981). The dimensions are approximately 1 
square fxm at the base and 1 to 2 jxm in height. Next, by removing the resist 15 shown in Fig. 1 
(b) by means of a publicly known method, the form shown in Fig. 1 (c) is created. Although the 
lower portion 26 of the resist pattern remains smooth, since the surface having the protrusions 
25-a and 25-b in the etched area is a roughened surface, the reflectance of irradiated light is 
extremely low, and a surface close to a black body is obtained. Accordingly, when the alignment 
marks are optically detected, extremely high contrast is obtained. 

In this way, by means of the present invention, alignment marks having extremely high 
contrast can be formed by a very simple process compared to the conventional method shown in 
Fig. 4. Moreover, since the etching margin is greater than in conventional methods, alignment 
marks can be obtained with high yield and productivity is greatly improved. 

Working Example 2 

Fig. 2 is a schematic drawing explaining Working Example 2. A wafer on which a Mo 
film 27 is formed on the substrate 10 as shown in Fig. 2 (a) is coated with a resist 15, and a resist 
pattern 24 and portions 23-a and 23-b without a resist for the alignment marks are formed in the 
same way as in Working Example 1. Next, by performing dry etching by high-frequency glow 
discharge using a mixed gas of CF4 and O2, on the portions 23-a and 23-b without a resist, 
irregular surfaces 28-a and 28-b, from which numerous fine rod-shaped crystals protrude as 
shown in Fig. 2 (b), are obtained. This dry etching process and form are disclosed in Ota et al., 
Second Dry Process Symposium Collected Papers, p. 87 (1980). Next, by removing the resist 15 
by means of a publicly known method, the form shown in Fig. 1 (c) is created. Although the 
lower portion 29 of the resist pattern remains smooth, since the surface having the protrusions 
28-a and 28-b in the etched area is a roughened surface, the reflectance of irradiated light is 
extremely low, and a surface close to a black body is obtained. 

In this way, by means of the present invention, alignment marks having extremely high 
contrast can be formed by a very simple process with respect to a metallic film such as Mo as 
well. 

The present invention is not limited to the foregoing working examples, and by using 
publicly known dry etching methods can be used in a wide range of applications to make the 
surface condition of various materials into a fine roughened surface having a low optical 
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ai)d,to simplify the method of forming these marks and greatly improve production yield. 

4. Brief Explanation of the Drawings 

Fig. 1 is a cross-sectional drawings showing a working example of the present invention, 
Fig. 2 is a cross-sectional drawing showing another working example of the present invention, 
Fig. 3 is a drawing explaining the alignment mark detecting principle and Fig. 4 is a cross- 
sectional drawing explaining a conventional method of forming alignment marks. 

1„. alignment mark of mask, 2... high-reflectance part, 3... transmissive part, 4... wafer 
alignment mark, 5... high-reflectance part, 6... low-reflectance part, 7... irradiated light, 
8... reflected light from mask mark, 9... reflected light from wafer more, 10... substrate, 11... 
detection signal of mask mark, 12... detection signal of wafer mark, 13... background, 14... mask 
material layer, 15... resist, 16... line-and-space resist pattern, 17... linear resist pattern, 18... line- 
and-space mask material layer pattern, 19... linear mask material layer pattern, 20... region 
having multiple fine depressions having cross-sectional arc form, 21... arc-form pattern, 22... 
smooth surface, 23... portion of alignment mark pattern with no resist, 24... resist pattern of 
alignment mark, 25... fine square conical protrusion group, 26... lower portion of resist pattern, 
27... Mo film, 28... irregular surfaces from which numerous fine rod-shaped crystals protrude, 
29... lower portion of resist pattern. 

Agent for applicant: Takehiko Suzue, patent attorney 
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[left] electrical signal level 
[bottom] scanning position 


